presence of calcium (14, 26) , and the inhibitory effect of Na on K uptake is practically eliminated (7) . The importance of calcium is sufficiently great in salt uptake studies that the root-to-solution ratio can affect K/Na absorption due to variable dissociation of calcium from the root tissue (15) . In the presence of adequate calcium there is no initial exchange adsorption of the rubidium ion (8) .
Epstein (7, 8) notes that Ca in the solution around root tissue represents the normal physiological condition, and the ion is essential for the integrity of the selective ion transport mechanism. The selectivity is thought to reside in specific ion carriers. Jacobson et al. (13) , on the other hand, conclude that the stimulation of K absorption by Ca results from blocking an interfering cation such as H or Li. Waisel (26) maintains that Ca increases the diffusion of K across the outer cell membrane, which he considers to be the rate-limiting step of metabolic accumulation. Tanada (23) has recently reiterated his suggestion that a ribonucleoprotein complex containing free -SH groups is involved in the Ca activation of Rb uptake by mung bean root tips.
In an initial investigation of ribonucleoprotein as a carrier moiety, an EDTA-initiated degradation of RNA in soybean roots resulted in impaired respiration, ion accumulation, and ion retention (10) . This result was attributed to removal of Ca and Mg by EDTA.3 However, treatment with EDTA in the cold, which would limit degradative metabolism, increased Rb86 uptake, a result similar to that reported by Tanada for ultraviolet treatment (20) , ribonu-clease treatment (21) , sulfhydryl inhibition (22) , and HCl or NaCl treatment (20) . Rb86 uptake may be increased and p3204 uptake clecreased by EDTA, citric acid, or alkaline phosphate pretreatment (20) .
We have now explored in some detail the effect of a short-term pretreatment with EDTA on ion uptake by soybean root tissue. Pretreatment removes much of the root Ca, and increases the subsequent metabolic uptake of Rb86-labeled K while decreasing that of phosphate. These effects are reversed by addition of Ca. Calcium removal appears to affect accumulation of the ions into the cytoplasm.
Materials and Methods
Soybean seeds (Glycine max (L.) Merr., var. Hawkeye) were germinated in the dark at 290 in paper towel scrolls saturated with 10-4 M CaCl,. Sections of root tissue excised between 0.5 to 1.5 cm from the tip of the primary roots of three-day-old seedlings were used in all experiments except where notedl. In the ribonuclease and ultraviolet light experiments the 0.0 to 1.0 cm tips were used. Serial segments were used as indicated in the tables.
The root sections were cut into ice cold deionized water, rinsed, and blotted. About 100 sections were placed in a 50-ml Erlenmeyer flask containing 10 ml of a pretreatment solution consisting of 1 The flasks were replaced on the shaker at room temperature for a 2-hour absorption period. The roots were rinsed from the flasks with water and blotted as before. Sections from half of the flasks were placed in planchets, dried over a hot plate, and the radioac- figure 3 , where various time periods were used. The roots were rinsed from the flasks and the radioactivity measured as before. The accumulated ion was calculated from these data. Exchangeable ion was taken to be the total minus the accumulated ion.
In some experiments a second pretreatment period of 30 minutes was used after the first pretreatment period. When a second pretreatment period was used, the root sections were rinsed, blotted, divided into lots of 25 and weighed before being put into a 50-ml Erlenmeyer flask containing 1 % sucrose plus indicated additives.
In the experiment designed to study Ca45 loss from root sections 2-day-old soybean seedlings were transferred from the scrolls to a wire screen fitted over a Pyrex utility dish containing 1500 ml of 104 M CaCl2 labeled with Ca45. The dish was kept in darkness on a shaker for 20 It was confirmed that removal of Ca from the tissue by K-EDTA pretreatment leads to rapid leakage of materials absorbing ultraviolet light between 260 to 290 mp,, presumably nucleotides (10) . The loss of nucleotides could potentially affect respiration rate, but in the current experimentation we found no significant difference in the respiration rates of the root tissue when pretreated for 40 minutes in KCl or K-EDTA in the presence of 10-3 M phosphate buffer. Treatments with K-EDTA in excess of one hour inhibited respiration (10) .
In previous experiments with longer exposure to K-EDTA, a degradation of RNA was initiated in root tissue (10) . The addition of K-EDTA to root homogenates accelerated degradation of endogenous RNA by endogenous enzymes. The removal of Ca CaCl,) Nere checked and found to have no effect on the rate of exchange as. shown. The increase in nonexchangeable ion due to 30 minutes pretreatment with K-EDTA appears to be due to accumulation beyond some exchange barrier.
The time course of potassium accumulation is biphasic, with an initial period of rapid acculmiulation that is complete in less than one hour, followedl by an extended period of slow accumulation (fig 4) . The accelerated accumulation by the K-EDTA treated roots occurs in the first hour. The subsequent rateof accumulation is the same as with KCI pretreated roots.
The time course of accumulation in non-pretreated tissues ( fig 5) reveals that these soybean roots normally have a biphasic time course of K accumulation. In the initial period of accumulation the ion is rapidlytaken into some phase from which it cannot be readilyexchanged. The amount of initial accumulation and the length of time needed for its accomplishment depends upon the relative age of the cells concerned. Ribonuclease and Ultraziolet Pretreatments. We tried to confirm Tanada's experiments with ultraviolet light (20) and ribonuclease (21) , which he found to give responses similar to those of acid or salt pretreatment. Ribonuclease pretreatment did not affect Rb86 or P3204 absorption in the 0.5 to 1.5 cm root section; ultraviolet light had only a small effect. However, by using the 0.5 cm root tip we were able to confirm the effect of these pretreatments on salt absorption (tables XII, XIII). The general effects of ribonuclease and UV light pretreatment on the subsequent absorption of Rb86 and P3204, and the action of similar ment. 
Discussion
The increased Rb56-labeled potassium uptake induced by a short term pretreatment in K-EDTA is largely due to enhancement of an initial rapid phase of accumultlation (fig 4) . The subsequent linear phase of accumulation is unaffected. (There is some increase in freely exchangeable K as well, but this must largely result from removal of Ca from pectates of the wall and middle lamella, and is not of major interest here.) Since the extent of initial phase accumulation is correlated with protein content, (table  III, fig 5) , it is likely into the cytoplasm. The initialphase accumulation is probably limited because the determining parameter is the amount of immobile cytoplasmic anion. The cytoplasm may come to a Donnan equilibrium with the external cation.
It should be noted that the accumulation of Rb56 labeled potassium into this assumed cytoplasmic phase is governed by metabolism. Although "accumulation" is defined in this report in an operational sense (absorbed ion which cannot be readily exchanged from the tissue), the ions are accumulated in the sense of active transport as well (5) . Factors known to interfere with active ion uptake reduce accumulation (tables V, X). The amount of readily exchangeable K is lowered by DNP, in agreement with the findings of Barber and Russell (1) . Hence, the amount of cation bound within and without some exchange barrier (probably the outer cell membrane) can be deuced to be a function of metabolism involving high energy phosphate. Recent reports showing increased Ca binding in mitochondria at the expense of ATP are of interest in this respect (2, 3, 6, 24 (20) . In the important respects we have confirmed his observations on the effects of ultraviolet light and ribonuclease. The removal of Ca, treatment with ultraviolet light or ribonuclease, and sulfhydryl inhibitors all produce very much the same result on salt uptake. Tanada deduces that a ribonucleoprotein containing SH groups is involved (23) . It would appear that Ca (or Mg) must be requisite to the functioning of this carrier. It is not clear why altering a carrier with ultraviolet light or ribonuclease should produce the same acceleration of potassium uptake as does Ca removal. We can suggest that such treatments appear to have a common effect in making cell membranes more permeable. Perhaps it is in altered permeability that the common response is to be found. The sensitive site may be a ribonucleoprotein which binds divalent ions.
Summary
Treating soybean root tissue with ethylenediamine tetraacetic acid for 30 to 40 minutes removes twothirds of the calcium and results in increased labeled potassium accumulation. Longer treatment depresses accunmulation. The effectiveness of the EDTA treatment is temperature dependent. The increased accumulation appears in the initial phase of a biphasic curve and is interpreted as an activated exchange of radioactive label for cytoplasmic cations. The second linear phase of accumulation, presumably into the vacuole, is unaffected. 'The initial phase of labeled calcium accumulation is promoted, but the second phase is inhibited.
Phosphate and chloride accumulation are depressed by calcium removal, but the amount of freely exchangeable anion is increased. Calcium or magnesium will reverse the inhibition and actually increase accumulation. Anion uptake appears to be critically linked to the presence of divalent ions.
Ultraviolet irradiation or ribonuclease treatment of root tips will produce effects similar to calcium removal.
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